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Abstract
We analyse the basic premises of the ” Froissaron-Maximal Odd-
eron” (FMO) model which was claimed to be ”the only existing model
which describes the totality of experimental data ”.
1 Introduction
In 1973 the Odderon concept was pushed forward [1] which embodies a hy-
pothesis that the leading C-even agent dominating high energy behaviour of
the strong interaction cross-sections, the famous Pomeron, may have a C-odd
counterpart which can give non-negligible contributions at high energies in
contrast to secondary Reggeons ρ, ω etc rapidly dying off with the energy
growth. Generally, it is but natural that such a counterpart to the Pomeron
should exist if the very Pomeron exists as a predominantly gluonic exchange.
Another issue is which are the nature and characteristic properties of this
entity. The simplest option is a simple pole in the j-plane, then nobody can
forbid several or even infinite number of simple poles, some author admit
double and even triple poles, the use of the Regge-eikonal framework allow
to deal with high intercepts of these Regge poles without violation of the
sacred upper bounds, finally you can just invent a C-odd contribution to
the scattering amplitude at your will and for your purposes. The mentioned
upper bounds restrict the properties of one or another Odderon choice from
almost imperceptible at high energies to the maximally allowed.
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One of the motivations of ”maximality” of the Odderon was an exten-
sion of the old Chew-Frautschi imperative of ”maximum strength” for strong
interactions at high energies [2] from the asymptotic constancy of the to-
tal cross-sections to the functional saturation of the Froissart bound imply-
ing their ∼ ln2 s behaviour but, more than that, the similar saturation of
the upper bound for the differences of ”C-conjugated ” processes (e.g. for
∆σ = σp¯ptot−σ
pp
tot) which is bounded above ( modulo modulus) by ∼ lns. Thus,
the ”maximal Odderon” hypothesis implies the violation of the Pomeranchuk
theorem (in the sense of differences)which asks for ∆σ → 0 and, in a more
general context, the violation of the Gribov ”principle of asymptotic univer-
sality” [3] extended to the case of rising cross-sections.
From a (maybe a bit na¨ıve) physical viewpoint the idea of the maximal
Odderon implies, in particular, that the difference between the proton-proton
and anti proton-proton interactions becomes more and more noticeable when
the average distance (impact parameter) between the colliding particles (”in-
teraction range”) increases1. In very simple words colliding particles are be-
lieved to see the difference in their inner structure the better, the farther
they are from each other.
But no matter how strange such behaviour would seem to us, such an
unorthodox option realized in the long-term efforts by B. Nicolescu [1], seems
to be fairly conceivable in a formal sense and even shows up a certain elegant
symmetry for forward amplitudes T (s, t = 0) = T (s, 0) because it implies
that ”at high energies”
T+(s, 0) = iA · ln2(s · exp(−ipi/2)), (1)
T−(s, 0) = B · ln2(s · exp(−ipi/2)) (2)
where
T±(s, 0) =
1
2
[T p¯p(s, 0)± T pp(s, 0)].
Let us note that not every pair of ”C-conjugated” processes can be asso-
ciated with the Odderon exchange2. E.g., the pair of processes pi±p → pi±p
is a counter example. We, however, will deal with (anti)proton-proton scat-
tering which is under active discussion in relation with a rich experimental
1We mean the well-known increase of the forward slope B(s) ≈ 〈b2〉/2 with the energy
growth.
2The term ”exchange” is used in a wide sense meaning only the general quantum
number and energy-momentum exchange irrelevant to a concrete mechanism.
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material accumulated by now by the collaborations TOTEM and, partly, by
ALFA(ATLAS)3 .
From the very beginning of the maximal Odderon idea it was related
with expectations of a cardinal, both qualitative and quantitative, change of
mutual relation between the total p¯p and pp cross-sections, viz., the cross-
over changing p¯p dominance to the pp one. With time the predicted energy
where such an event should occur moved from O(20)GeV to the recent es-
timate near 300 GeV. In the absence of simultaneous measurements of p¯p
and pp it is quite difficult to observe such a cross-over: the difference of
order O(1mb) is expected at c.m.s. energies no less than 100 TeV, far be-
yond any realistic plans. Nonetheless, there are other features of the max-
imal Odderon which could be tentatively caught with now existing means.
For instance, a latest embodiment of the maximal Odderon doctrine, the
”Froissaron- Maximal Odderon” model (FMO), yielded the value of the pa-
rameter ρ
.
= ReT pp(s, 0)/ImT pp(s, 0) almost exactly coinciding with its value
published by the TOTEM Collaboration [4].
This success gave an impetus for the latest modification of the t 6= 0
extention of the maximal Odderon [5] with a consequent conclusion that ”the
Froissaron-Maximal Odderon (FMO) approach is the only existing model
which describes the totality of experimental data (including the TOTEM
results) in a wide range of energies and momentum transfers” [6].
Thus,in view of such a breakthrough, this is but natural to try to under-
stand in more detail the basic features and premises of the FMO. Results of
such an inspection - to the best of the author imperfect understanding - are
exhibited in the next Section.
2 Analysis of the FMO model
The model in question consists as described in [5] of the following compo-
nents:
1. Standard secondary C-even (R+) and C-odd (R−)Reggeons with low
intercepts < 1;
2. C-even (”simple Pomeron”) and C-odd Regge poles (”simple Odd-
eron”) with intercepts αP, O(0) = 1 .
3Interesting proposals to observe possible Odderon signals in the central meson pro-
duction processes were suggested, for instance, in Refs. [7] .
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3. C-even and C-odd ”maximal elements” embodied in specially designed
functions ϕ±(ω = j − 1, t) which are to provide the mentioned above ”max-
imising” properties of ∆σ and σtot.
In addition ”interference” terms are assumed which are composed pair-
wise of the above mentioned elements 1-3.
Below we concentrate on functions from point 3 above as they constitute
the backbone of the approach. The amplitude T (s, t) is related to signatured
functions ϕ±(ω, t) as follows ( as implies Eq.(18) from Ref.[5] )
T (s, t) = zt
∫
C
dω
2ipi
eωςϕ+(ω, t) + zt
∫
C
dω
2ipi
eωςϕ−(ω, t) (3)
where
zt =
s− u
4m2 − t
=
2s
4m2 − t
− 1; ζ = ln zt − ipi/2
and the integration contour C is ω = ω
′
+iω
′′
with ω
′
lying to the right of the
rightmost singularity of ϕ±(ω, t) in the complex ω- plane and −∞ < ω
′′
<
+∞. The functions ϕ±(ω, t) are assumed to be (Eq.(23) in [5] )
ϕ±(ω, t) =
(
i
−1
)
β±(ω, t)
(ω2 − r2±t)3/2
. (4)
The reason for such a choice: it should provide the asymptotic behaviour
as in Eqs.(1) and (2). One may notice that the option for ϕ+ formally
coincides with the well known partial amplitude following from Regge-eikonal
representation with the ”supercritical” Pomeron with
r2
±
= 4(αP(0)− 1)α
′
P
(0)
where αP(t) is the Pomeron pole trajectory. We have, however, to keep in
mind that in normal Regge-eikonal approach the counterpart of ϕ+ does not
”swallow” the factor 1/ cos(piω/2).
If we look at Eq.(3) we notice that the integral along the line Reω = ω
′
diverges at ω
′′
→ +∞ as exp(piω
′′
/2). The fate of this integral depends
critically on the properties of the function β±(ω, t) at ω
′′
→ +∞. Let us take
for definiteness the amplitude ϕ−(ω, t). According to Eq.(4) the only source
of damping the exponential growth would be the opposite trend of β±(ω, t)
which could provide the Sommerfeld-Watson factor 1/sin(piω/2) normally
doing the job but Eq.(24) in Ref.[5], according to which
φ−(ω, t) ∼ sin(piω/2)ϕ−(ω, t) (5)
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and therefore this factor is cancelled out, deprives us of this hope.
It remains to assume that some other source could probably resolve the
problem and lead authors to the bona fide amplitudes, e.g. the (maximal)
Odderon contribution like
1
z
FMO(zt, t) = O1ζ
2
2J1(r−τζ)
r−τζ
Φ2O,1(t) + ...
(their Eq.(29)) which they successfully use for the TOTEM data fitting.
Unfortunately, we could not find such instructions in the main text4 of [5].
However, this is not the end of the story. The matter is that the above
mentioned effective absence of the factor 1/sin(piω/2) leads to a striking
property: at all even ω ( all odd j) the physical partial amplitudes φ−(j =
2N + 1, t) = φ(j = 2N + 1, t) which enter the Legendre expansion of the
scattering amplitude (cf Eq.(16) in Ref.[5]):
T (zt, t) = 16pi
∞∑
j=0
(2j + 1)Pj(−zt)φ(j, t) (6)
turn out to be zero as follows directly from Eqs.(4) and (5).
In order not to be unfounded, let us quote the authors of [5] who wrote,
in particular, the following: ”the real5 physical partial amplitude...φ−(ω, t)...
equals to zero at ω = 0 ” (see the text around Eq.(24) of their paper). Actu-
ally, as we have seen above ( Eq.(5)), the genuine physical partial amplitude
φ−(ω, t) vanishes not only at ω = 0 but at all even ω (odd j). In a similar
way we find that φ(j, t) vanishes at even j = 2N as well.
At last, there is one more confusing circumstance. If one would look at
the Appendix A to the paper he finds some new amplitudes φ±(ω, t) and
ϕ±(ω, t) instead of above mentioned φ
±(ω, t) and ϕ±(ω, t). They are happily
free from the defects above. Misprint?
Alas, even if so, we find that the physical p-wave amplitude in the t-
channel (p¯p annihilation) has a singularity at t = 0:
φ(j = 1, t) = φ±(ω = 0, t) ∼ (−t)
−3/2.
So, now there is evidently ”something” C-odd which is really odd in the t-
channel. Not a pole but rather a branch point, kind a ”singular threshold”
4Except the Appendix A which is commented a bit below
5The authors evidently use the word ”real” in the sense of ”true”.
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related to massless states. Deconfined gluons? A discovery of the deconfine-
ment would be certainly a significant finding. But in this case we would have
a lot of other processes where such events would reveal themselves. However,
nothing of this kind was ever reported.
3 Discussion and conclusions
Thus, we see that the FMO model in its main part (see p.3 in the previous
Section) seems to exhibit quite unusual features. In particular, this part
does not have physical states in the t-channel. The fact that in spite of zero
amplitudes for physical (integer ) j, a nonzero amplitude can be obtained is
explained by the violation of Carlson’s theorem as can be seen from equation
(5).
Another option which can be found in the Appendix A to the paper seems
to be free of all this mess but instead it demonstrates a massless singularity
in the p-wave of the p¯p scattering challenging confinement of QCD.
Therefore the statement, made in [4] on the basis of comparison with the
FMO model, that the TOTEM measurements at 13 TeV supposedly discovered
the evidence of a ”3-gluon compound state” in the t-channel (which certainly
should have an odd integer spin) does not seem well justified.
Of course, this does not devalue at all the very experimental data ob-
tained by the TOTEM Collaboration, but only indicates problems with their
theoretical interpretation.
We also in no way claim that the t 6= 0 generalization of Eq.(2) free of
the above problems is impossible. Quaerite et invenietis.
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